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The RICIS Concept

The University of Houston-Clear Lake established the Research Institute for

Computing and InformaUon Systems (RICIS] in 1986 to encourage the NASA

Johnson Space Center {JSC) and local industry to acUvely support research

in the computing and information sciences. As part of this endeavor, UHCL

proposed a partnership with JSC to Jointly define and manage an integrated

program of research in advanced data processing technology needed for JSC's

main missions, including administrative, engineering and science responsi-

bilities. JSC agreed and entered into a continuing cooperative agreement
with UHCL beginning in May 1986, to jointly plan and execute such research

through RICIS. Additionally, under Cooperative Agreement NCC 9-16,

computing and educational facilities are shared by the two. institutions to
conduct the research.

The UHCL/RICIS mission is to conduct, coordinate, and disseminate research

and professional level education in computing and information systems to

serve the needs of the government, industry, community and academia.

RICIS combines resources ofUl tCL and its gateway affiliates to research and

develop materials, prototypes and publications on topics of mutual interest

to its sponsors and researchers. Within UHCL, the mission is being

implemented through interdisciplinary involvement of faculty and students

from each of the four schools: Business and Public Administration. Educa-

tion, Human Sciences and Humanities, and Natural and Applied Sciences.

RICIS also collaborates with industry in a companion program. This program

is focused on serving the research and advanced development needs of

industry.

Moreover, UHCL established relationships with other universities and re-

search organizations, having common research interests, to provide addi-

tional sources ofexperUse to conduct needed research. For example, UHCL

has entered into a special partnership with Texas A&M University to help

oversee RICIS research and education programs, while other research

organizations are involved via the *gateway" concept.

A major role of RICIS then is to find the best match of sponsors, researchers

and research objectives to advance knowledge in the computing and informa-

tion sciences. RICIS, worklngjointJy with its sponsors, advises on research

needs, recommends principals for conducting the research, provides tech-

nical and administrative support to coordinate the research and integrates

technical results into the goals of UIICL, NASA/JSC and industry.
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Darrel Monroe
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Department of Aerospace Engineering
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INTRODUCTION

Since the advent of space exploration in the late 1950's,

research into different ways to reach our celestial neighbors

has taken place. One particular area of research which has

received a great deal of effort is the area of low thrust

propulsion. Through the 1960's and early 1970's, much serious

attention was focused on this area, and this interest has

again revived in recent years. The purpose of this study has

been to find out what literature is available. What follows

is the result of this effort.

LITERATURE SURVEY

A literature survey was performed using NASA-RECON. From

this, a great body of literature was revealed. After the

search was performed, an effort was made to obtain as many of

the referenced as possible. Approximately i00 papers were

obtained in hard copy or microfiche. These articles were then

examined and categorized according to their particular areas

of analysis. A list of all articles found in the literature

survey appears in two tables in Appendix A. Table 1 contains

those articles of which hard copies were obtained and Table 2



contains those for which only abstracts were obtained.

Abstracts for papers in Table 2 are found in Appendix B.

CATEGORIZATION

All articles which were obtained in hard copy were

examined to determine more precisely what they were about,

because many times the abstracts were not a very good picture

of what the paper was really about, or of the detail of the

analysis.

Table 3 of Appendix A contains the results of this

catagorization. Several broad areas were determined, which

break down into smaller categories. The first of these is

what mission does the paper examine. This is further broken

down into interplanetary, or more precisely, inter-solar

system, and inter-orbit. For the solar system mission, there

are those to the eight other planets, to the moon, to comets,

and to the asteroids. The first 14 columns of Table 3 contain

these missions. Some papers did not examine a particular

mission, but rather looked at the more general problem of

interplanetary transfers from object a to object b, and this

in indicated by the column general interplanetary in the

table. The second mission area is what could be called inter-

orbit. These missions are basically orbit transfers between

orbits influenced mainly by a single primary. These missions

include LEO-GEO transfers, missions to the libration points,

plane change, rendezvous, pursuit, and again a category of
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general Inter-o_bit transfers and maneuvers. These are

indicated in columns 15 through 22 of Table i.

The next area of categorization is the coordinate system

model, which contains two divisions, two dimensional and three

dimensional. Some articles specifically stated that a 2-d or

3-d model was used, and these are indicated as such. Some did

not state. In general, most which did not state were fairly

broad analysis and 3-d is accounted for.

The third area is optimization. Since space exploration

is expensive, obtaining minimum fuel and/or minimum time

trajectories is important. Columns 27 through 29 indicate if

a paper optimizes; and if so, if it is optimized in time,

energy, or mass. Cases where time is optimized and a constant

thrust is used are also optimized in mass, since mass flow

rate is constant, so minimum fuel corresponds to minimum time.

Column 30 indicates if suboptimal rather than optimal control

is used. This means that a paper is using parameter

optimization to obtain an approximate optimal control. Column

31 gives the method of optimization if such is supplied. Most

use the standard calculus of variations, but some use variants

of this or other methods.

The next area relates to the guidance, navigation, and

control of the vehicle. Columns 32 through 36 tell about the

thrust or acceleration history of the vehicle. Some papers

used constant thrust or acceleration levels while others used

variable thrust or acceleration. Some utilized coast or

ballistic arc segments, i.e. times of no thrusting. In terms
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of navigation, this is important, for it allows processing by

the spacecraft of sensor data to estimate its true state and

thus make appropriate guidance corrections. Column 37

indicates if gravity assists were used or examined. Gravity

assists can be used quite effectively to lower mass

requirements of the vehicle. Column 38, though not

specifically about guidance, navigation, or control, indicates

if hybrid propulsion systems were examined, i.e. if some

combination of high and low thrust was used. Column 39

indicates if the paper examined the low thrust spiral in or

out phase of flight around a primary. Column 42 verbally

notes the method Of guidance, navigation and control used if

such was supplied in the paper. Backtracking, columns 40 and

41 give some indication as to how the analysis was performed.

Some papers specifically indicated that an approximate

analytical model was obtained and used. These have the

advantage of being typically closed form solutions, but the

disadvantage of being approximations and thus inherently

containing errors. Column 41 indicates if a numeric method

was specifically indicated as being used in the paper. Most

articles, if neither is indicated, fall under the numerical

subdivision. However, for some, it is unknown, because the

article is not very detailed or only gives results.

Column 43 contains other comments, such as if

perturbations were examined, or anything important about the

paper but not reflected in the other columns. The last column

is somewhat subjective. It is a rating as to the potential



value of the article in future analysis. A scale of 1 to 4

was used, with 1 indicating an excellent paper, with much

detail and substantial theoretical basis included, and 4

indicating a reference which might have some good information

but which does not contain a detailed account of the theory or

equation used in the analysis.

ASSESSMENT

Quite a lot of good research has been done in the area of

low thrust propulsion. In particular, the 1960's provides a

substantial increase in the understanding of low thrust

trajectories. However, with the advances in computational

capability, much of the analysis of these earlier years should

be reexamined. One particular area which needs more attention

is the development of practical guidance schemes. Though many

papers examine optimal low thrust trajectories, the

development of efficient and practical guidance schemes which

will be easy to implement is sometimes not addressed.

Advances in control theory would allow for better schemes.

Another area which needs more attention is lunar trajectories.

Though some work has been done, and currently is being done by

Dave Korsmeyer at The University of Texas, a greater effort

should be placed here, since after Space Station Freedom is

realized, a lunar base is our next stop. Low thrust

propulsion with its high specific impulse will be ideal for

transportation from LEO to lunar orbit.
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CONCLUSION

The results of this literature survey indicate that a

wealth of information on low thrust propulsion exists. In an

effort to evaluate this technology, a number of articles have

been collected and categorized. The study indicates that

although much has been done, particularly in the 1960's and

1970's, that more can be done, especially in the area of

practical navigation and guidance utilizing new techniques.

The older studies should be reinvestigated to see what

potential there exists for future low thrust applications.
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ABA: (Author)

ABS: Optimization of space trajectories is the major factor in

the birth of modern theories of optimization and of

corresponding numerical methods (used to-day in all

domains). The case of optimal time-free transfers between

Keplerian orbits in a central field is on the way to be

completely investigated, but the other cases remain

difficult especially because of the different kinds of

singular arcs. Stochastic optimization is much less

investigated and remains very difficult.
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ABA: Author

ABS: This paper analyzes the motion of a space vehicle which

starts from the equilateral libration points of the earth-

moon system to its orbit in a prescribed time. Considering

the vehicle position at the end of the evolution time as

being unspecified, the trajectory of the space vehicle is

determined so that its final speed is maximized. The results

are shown in a numerical application.
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ABA: (Author)

ABS: A method for handling coast arcs for low-thrust

interplanetary trajectory optimization is presented. The

method combines a switching function with

the guessing of the length and center point of the coast

arc. The center point of the coast arc is shifted while its

length is held constant while the values of the switching

function at the start and end of the coast arc are made

equal. Then the length of the coast arc is found directly

through a linear extrapolation procedure. Then the optimal

center point for the coast arc is found. Examples of the

procedure based on low-thrust earth-Jupiter trajectories are

presented.
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ABA: A.B.K.

ABS: Development of an improved formulation of the set of

differential equations describing the motion and optimality

conditions of a low-thrust space vehicle. The equations for

the optimal trajectory of a space vehicle with a continuous

low-thrust propulsion system are derived using regularized

variables. In this case the regularization for both the

state equations and the Lagrange multiplier equations is

obtained by using only the classical Sundman (1912) time

transformation. The numerical behavior of the derived system

is investigated in two examples, in one of which numerical

calculations are made of Keplerian orbits, while in the

other two-dimensional minimum-time earth escape

trajectories are calculated, starting from various orbits
and using various vehicle characteristics.
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ABA: G.R.

ABS: Attention is given to the numerical optimization of multiple

arc trajectories by means of a technique developed from

multilevel control theory. A multiple arc trajectory is the

solution of a set of ordinary differential equations subject

to discontinuities and constraints. A new computational

technique for treating multiple arc problems is presented.

The technique is an extension of a two-level trajectory

decomposition algorithm originally developed as an

application of multilevel control theory. The application of

the new technique is demonstrated with the aid of an example

involving the formulation and the numerical investigation of

a multiple arc trajectory optimization problem. The problem

is concerned with the flight of a continuously thrusting

interplanetary probe on an Earth-Jupiter-Saturn swingby
trajectory.
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ABA: Author

ABS: Fundamentals are presented for the theory of designing

intraorbital spacecraft (ISC) with high and low thrust

engines. Methods are discussed for selecting the optimal

rated parameters of the ISC, control of its engine and

flight trajectory.
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